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TECHNICAL NOTE D-1397

LOW-SPEED LONGITUDINAL CHARACTERISTICS OF AN
AIRPIANE CONFIGURATION INCLUDING EFFECTS OF CANARD AND
WING TRAILING-EDGE FLAP CONTROLS IN COMBINATIONI

By Bermard Spencer, Jr., and William C. Sleeman, Jr.

SUMMARY

An investigation of the static longitudinal stability and control
characteristics of a canard-alrplane configuration at low speed has been
conducted in the Langley 300-MPH 7- by 10-foot tunnel. The planform of
the canard control was identical to that of the wing, which had an aspect
ratio of 3, a taper ratio of 0.14%, and an unswept 80-percent-chord line.
Effects of canard-surface size and longitudinal and vertical position
were studied for the model, with only the canard surface for control.
Supplementary trim or control was studied by use of wing trailing-edge
flaps and by addition of an auxiliary horizontal tail behind the wing.

All the canard controls investigated were greatly limited in pro-
viding trim at high 1ift as a result of stalling of the canard surface
at relatively low angles of attack and control deflections. The use of
deflected wing trailing-edge flaps in combination with the canard con-
trol provided increases in trimmed 1ift coefficient over those obtained
by deflection of the canard surface alone. However, these increases
were achieved only with negative deflections of the trailing-edge flap,
resulting in an increase in the angle of attack corresponding to a given
trimmed 1ift coefficient. Addition of an auxiliary horizontal tail
located behind and below the wing provided similar gains in maximum
trimmed 1lift coefficient and greatly reduced the longitudinal insta-
bility encountered at high angles of attack on the basic model with the
canard control.

The highest trends in canard-surface 1lift efficiency occurred with
the small canard surface located above the fuselage center line, inasmuch
as this location for the canard surface tended to minimize losses in wing
1lift resulting from the canard-surface wake.

lSupersedes NASA Memorandum 4-22-59L by Bernard Spencer, Jr., and
William C. Sleeman, Jr., 1959.



INTRODUCTION

Investigations conducted by the National Aeronautics and Space
Administration on the use of airplane arrangements having canard con-
trols have provided pertinent information relative to the major advan-
tages and disadvantages to be expected from this type of configuration.
(For example, see refs. 1, 2, and 3.) Favorable performance character-
istics at supersonic speeds and possible reductions in trim drag obtain-
able by use of canard controls make the use of this type of configura-
tion attractive when compared with conventional tall-rearward or tailless
alrplanes.

Subsonic results of an investigation (ref. 4) on two canard-surface
arrangements indicated longitudinal-control problems at moderate and high
angles of attack, resulting from stalling of the canard control. One of
the purposes of the present investigation was to study means of allevi-
ating these control problems by use of supplementary trim devices which
aid in reducing the required load on the canard control for trim. Var-
ious controls studied in this investigation include either a combination
of canard-surface deflection and wing trailing-edge flap control or an
auxiliary horizontal tail of low aspect ratio deflected to produce trim-
ming moments at high angles of attack.

Canard wake effects on the overall wing loading also present a
problem as to the best planform, aspect ratio, and wing leading-edge
position relative to canard location (ref. 3) so that optimum lifting
capabilities of both surfaces may be realized. Therefore, an analysis
has been made of the canard efficiency, which is simply a measure of-
the change in wing 1ift resulting from the canard wake expressed in
terms of the canard lift. This analysis also includes trends in con-
figuration performance characteristics and the relationship to trends
in canard efficiency.

SYMBOLS

Results of this investigation are presented with reference to the
stability-axis system shown in figure 1. Pitching-moment results of
this investigation are presented about different moment reference points
for each of the different configurations tested. The moment reference
locations used are presented in table I. The symbols used in this inves-
tigation are defined as follows:

c chord of wing or canard surface, ft

g mean aerodynamic chord of wing or canard surface, ft
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Cp drag coefficient, Drag
Sy
; Lift
C 1ift coefficient
L ’ oSy
o pitching-moment coefficient, Pltchlngpmoment
aSyCy
L
L/D lift-drag ratio, ==
Cp
M Mach number
a dynamic pressure, 1lb/sq ft
S total area of wing or canard surface including area inside of
fuselage, sq ft
S1 exposed wing area outboard of canard-surface tip, sg ft
So exposed wing area inboard of canard-surface tip, sg ft
(o8 angle of attack, deg
6] deflection of control surface, positive when trailing edge
is down, deg
ACL,c total increment in Cp resulting from addition of the
canard surface
§§ rate of change of average downwash angle across complete wing
o span with angle of attack
C - (C
g, canard-surface lift-efficiency factor, ( L)WFC ( L)WF
(CL)rc - (CL)p
Subscripts:
¢ canard surface
f wing trailing-edge flap

h auxilliary horizontal tail



max maximum
W wing

Configuration designations:

A afterbody
C canard surface
Cy small canard surface located on fuselage center line (total

area, 16 percent of total wing area)

Co large canard surface located on fuselage center line (total
area, 25 percent of total wing area)

05 small canard surface located 2.5 inches above fuselage center
line (total area, 16 percent of total wing area)

E forebody extension
F forebody
W wing

MODEL DESCRIPTION

Basic Model

A drawing of the basic model is presented in the lower part of
figure 2(a), and the geometric characteristics of the model are sum-
marized in table II. A photograph of the model with the small canard
surface located on the fuselage center line is shown in figure 3. The
wing used in this investigation had NACA 65A006 airfoil sections parallel
to the plane of symmetry and was of trapezoidal planform with an aspect
ratio of 3, taper ratio of 0.14%, and an unswept 80-percent-chord line.

The trailing-edge flaps of the wing were hinged at the unswept 80-percent-
chord line, and were full exposed span flaps. The gap between the wing
and the flap was sealed for all tests. The sweepback of the guarter-chord
line was 28.1°. The smaller canard surface was similar in planform and
airfoil section to the wing, and the total canard-surface area was 16 per-
cent of the total wing area.

Modifications to Basic Model

The large canard surface used in this investigation had a flat-
plate section similar in planform to the wing, but the profile con-
sisted of a rounded leading edge and beveled trailing edge. The total
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area of this canard surface was 25 percent of the total wing area. The
canard surface tested on top of the fuselage had the same total area as
the smaller canard surface, but the profile consisted of a flat plate
having rounded leading edge and beveled trailing edge.

The fuselage forebody extension, shown in the top drawing of fig-
ure E(a), was T inches in diameter and 9 inches in length. A detachable
afterbody, shown in the same drawing, was also 7 inches in diameter and
was 15 inches in length.

The geometry of the auxiliary horizontal tail shown in figure 2(a)
is given in table II. This tail was located behind and below the wing.

TESTS AND CORRECTIONS

Tests

The present investigation was conducted in the Langley 300-MPH
T- by 10-foot tunnel at a dynamic pressure of approximately 28.75 pounds
per square foot. The average test Reynolds number, based on the wing

mean aerodynamic chord, was approximately 1.49 X 106. The model was
mounted on a single support and tested through a maximum angle-of-attack
range from -2° to 28° at fixed deflections of the canard surface of 0°,
5%, 109, and 15°, and wing trailing-edge flap control deflections of 09,
-56, -10°, and +20°.

Corrections

Blockage corrections determined by the method of reference 5 have
been applied to the dynamic pressure, and jet-boundary corrections
obtained by use of reference 6 were added to the angles of attack and
drag coefficients. Lift coefficients have been corrected for effects
of the static-pressure difference between the inside and outside of the
tunnel test section. Drag coefficients have also been corrected for a
tunnel-buoyancy effect, and pitching-moment coefficients have been cor-
rected for support-strut tares. No base-pressure corrections have been
applied.

PRESENTATION OF RESULTS

Pitching-moment data presented in this paper have been transferred
to various moment reference points in order that the different configura-
tions tested have approximately 0.10¢y static margin at low 1lift



coefficients. This method of data presentation was adopted so that con- —
trol characteristics of the different canard-surface arrangements could

be compared more directly than results presented about a fixed moment

reference for the complete investigation.

The effects of canard-control deflection and of wing flap deflection
with and without the canard surface are presented in figures 4 to 7 for
the model with large and small canard controls.

Effects of canard-control deflection for the model with forebody
extension are presented in figure 8 for both the small and large canard
controls, and the characteristlics associated with the removal of the
fuselage afterbody on the configuration with the small canard surface
are given in figure 9.
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Effects of the auxiliary horizontal tail used in combination with
the model having the basic canard control are presented in figure 10.
Figures 11 and 12 present data showing effects of the component parts
for some of the configurations tested.

Summary characteristics of the various configurations are presented
in figures 13 and 14, which include experimental trends in canard-surface
lift-efficiency factors throughout the angle-of-attack range obtained
and trends in untrimmed L/D. Figure 15 presents an analysis of trends
in canard-surface efficiencies for various canard-surface arrangements
throughout a Mach number range from 0.60 to 2.22.

DISCUSSION

Effects of Canard Surface on Stability

‘Effects of the small and the large canard surfaces on longitudinal
stability are shown in figures 4(a) and 6(a), respectively. The wing-
body pitching-moment characteristics indicated by dashed lines were
obtained from figures 5(a) and 7(a). These results show that addition
of the small and the large canard surfaces reduced the low-lift stability
of the wing-body configuration approximately 0.30Cy and O.h?Ew, respec-
tively. Pitching moments for the complete model with both the large and
small canard surfaces showed an appreciable loss in longitudinal stability
for angles of attack in excess of approximately 20°.

Control Effectiveness -

Canard control.~ Increases in trimmed 1ift coefficient were obtained
by deflections of the small canard control (fig. 4(a)) up to 10° surface
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deflections, resulting in a maximum attainable CL,trim of approximately

0.48. Further deflection, however, caused the canard surface to stall,
which resulted in loss of effectiveness of the canard as a control for
angles of attack above approximately 8°. Reductions in static margin to
0.05¢, (fig. 4(b)) increased the maximum attainable trimmed 1ift coeffi-

cient to approximately 0.56. Since this small canard surface yielded
rather low values of maximum CL,trim: a larger surface was tested, and

the results were analogous to those attained with the smaller canard sur-
face in that control effectiveness was lost above 10° canard-surface
deflection (fig. 6(a)). Maximum attainable values of trimmed 1ift coeffi-
cient were increased to approximately 0.63 by use of the large canard for
the configuration with a 0.10Cy static margin and to approximately 0.68
for the configuration with a 0.058, static margin (fig. 6(b)).

Since the canard-control effectiveness was poor for both canard
surfaces tested because of canard-surface stalling at moderate control
deflections, the fuselage forebody was extended so that the required
trimming moments could be obtained at a lower 1lift of the canard surface.
Results showing effects of extending the fuselage forebody with the small
canard control (fig. 8(a)) indicated that higher values of trimmed 1lift
coefficient at moderate control deflections were attainable with a maxi-
mum CL,trim of 0.63 obtained. For the large canard control tested on

this configuration, maximum CL,trim was increased to a value of 0.65

for a surface deflection of 10°. Complete loss of control effectiveness
occurred, however, above 10° control deflection for both surfaces.

For the particular arrangements tested, the use of the canard sur-
faces was adaptable only for configurations operating at Lift coeffi-
cients below approximately 0.70. Means are available for increasing the
canard lifting capabilities by employing high-lift devices or boundary-
layer control on the canard surface. Incorporation of these devices
would be expected to provide appreciable gains in trimming ability of
the canard surface in the range of angle of attack (lOO to 150) applicable
to landing attitudes.

Canard control combined with wing trailing-edge flap control.- One
possible approach to increasing operational 1ift coefficients is the use
of a canard surface and wing trailing-edge flap in combination, employing
one surface as a trimmer and the other as a control; the choice depends
on the effectiveness of these surfaces in either capacity. The use of
this combination offers possible methods of obtaining high values of
trimmed 1ift coefficlent with the flap deflected in an up position in
high-speed flight. Combinations of canard and wing trailing-edge flap
deflections may also permit improved landing and take-off performance.




The use of the wing trailing-edge flap in combination with the small
canard control with the wing flap used as a trimming device increased the
values of maximum trimmed 1ift coefficient to approximately O.T4 by use
of negative flap deflection (fig. 4(d)). Flap deflections in excess of
-10° would not be expected to provide large increases in maximum trim
1ift because, in providing trimming moments at high angles of attack,
the flap decreases the maximum configuration lift. (See fig. 5(sa).)
Similar observations may be made with regard to the large canard surface
in combination with the wing trailing-edge flap (figs. 6(a) to 6(d)).
Maximum attainsble trimmed lift coefficient was increased to approxi-
mately 0.80 for this combination, with the flap deflected -10° (fig. 6(d)).

Use of the wing trailing-edge flap as a high-1ift device 1s illus-
trated in figures L(f) and 6(f) with the small and large canard surfaces,
respectively. Comparison of the 1lift results with the wing flap at 0o
(figs. 4(a) and 6(a)) and 20° (figs. 4(f) and 6(f)) deflection indicates
increments in 1ift coefficient of approximately O.4 provided by the wing
flap at angles of attack up to approximately 15°. The pitching-moment
data indicate, however, that neither the large nor small canard surface
was capeble of trimming out the large diving moment caused by the
trailing-edge flap (Sf = 200) even at 00 angle of attack. (See figs. 4(f)

and 6(f).)

The results obtained with the small and large canard surfaces used
as a trim device, with the wing trailing-edge flap used for control,
are shown in figures 5(b) and 7(b), respectively. Comparison of the
range of attainable trimmed 1lift coefficients of the fixed canard-
surface deflection and flap control, with the fixed flap deflection and

canard-control combination (figs. L(a) to 4(d) and 6(a) to 6(d)) indi-
cates that use of the canard surface as a trim device with the flap
employed as a control provides a larger range of trimmed 1lift coeffi-
clent. This indicates that the wing flap was a more powerful control
than either of the canard surfaces. However, the presence of the deflec-
ted canard surface allows values closer to the configuration CL,max

to be obtalned than does the configuration without the canard surface
(figs. 5(a) and 7(a)). The increases in maximum Cp tpim with the

canard surface and wing trailing-edge flap combination were achieved
with negative deflections of the trailing-edge flap, which resulted in
an increase in the angle of attack corresponding to a given trimmed 1lift
coefficient.

Afterbody effects on control.- Tests of the model with the afterbody
removed and with the small canard surface (fig. 9) showed increases of
maximum attainable CL,trim as compared with the value obtained for a

similar configuration with the afterbody attached (fig. 4(a)). Increases
for maximum Cp, ¢njy from 0.48 (B¢ = 10°) to 0.72 (8c = 10°) were real-

ized with the wing trailing-edge flap at a deflection of 0°. The insta-
bility which occurred above an angle of attack of 20° was accentuated by
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removal of the afterbody; however, the region of instability occurred at
a 1lift greater than the highest 1lift coefficient which could be trimmed.
This effect of afterbody on stability was also noted in the tests of
reference k.

Auxiliary horizontal tail.- The use of a horizontal tail at subsonic
speeds for trim and control and the rotation of this horizontal tail down-
ward to form a ventral fin for use at supersonic speeds has also been con-
sidered as a possible method of reducing the shift in aerodynamic center
at supersonic speeds without causing the longitudinal instability associ-
ated with canards in the subsonic speed range. (See ref. 7.) Comparison
of the basic canard-surface configuration with the configuration having
a canard surface and auxiliary horizontal tail is presented as figure 10.
These configurations are presented about a similar moment reference point
located 0.428, ahead of the wing Cy/4 point. Maximum values of CL,trim
for the basic small-canard-surface configuration were increased appreci-
ably by addition of the auxiliary horizontal tail deflected -15°. The
results of figure 10 also show that the instability at high angles of
attack associated with the basic small canard control was greatly reduced
by addition of the auxiliary horizontal tail to the model.

Canard Efficiency

The addition of a canard surface to all of the configurations tested
increased or did not affect the total 1lift of the configurations through-
out the angle-of-attack range. Corresponding reductions in drag at a given
11ift coefficient for the undeflected canard controls due to the reduction
in angle of attack at the wing were also noted. From figures 11 and 12,
the incremental additions to lift may be seen for six configurations which
represent canard surfaces of two sizes in two longitudinal and vertical
locations. The addition of the canard surfaces to the body alone indicated
increases in 1lift throughout the angle-of-attack range. The addition of
the canard surfaces to the wing-body combination, however, indicates less
increase in 1lift throughout the angle-of-attack range. These increments
provided by the canard control represent the amount of overall effective
1ift available from the canard surface at given angles of attack. A com-
parison of the incremental 1ift due to the canard surface for wing-body
and body configurations indicates that the incremental 1lift provided by the
canard surface when added to the wing-body is less than that provided
by the canard when added to the body. This loss in available lift is
believed to arise from & loss in lift on the wing due to the canard
downwash. This loss of lift may be related to the canard-surface 1lift
by means of an efficiency factor. This efficiency 1s defined as the
ratio of the incremental 1ift associated with the addition of the canard
surfece to the wing-on configuration to the lift associlated with the
addition of the canard surface to the wing-off configuration, and may
be expressed as an equation:



10

- (ACL’C)Wing on  _ (CL)WFC - (GL)WF
(ACL’C)wing of f (CL)FC - (CL)F

L (1)

Efficiency factors in 1ift have been computed for the six configurations
denoted in figures 11 and 12 and are presented in figure 13. The esti-
mated values of N, were determined by use of a simple relation derived
from equation (1), which is as follows:

-1 - 5w
=1 Se oa

This relation is vaild only when the planforms of wing and canard sur-
face are similar, and the body effects are negligible. The efficiency
factors in 1lift and pitching moment presented in figure 13 were computed
for untrimmed values of C; and for undeflected canard surfaces. This

method of presentation was adopted since the purpose of presenting effi-
clency factors was to indicate the variations in efficiency trends for
varlous canard arrangements. Therefore point values represented in fig-
ure 13 should not be considered indicative of absolute values to be
expected from a similar configuration.

Experimental canard-surface efficiency factors in lift (fig. 13)
show that the highest efficiencies could be expected from a configuration
having the canard control located in a position above the fuselage center
line. This possibly could result from the canard-surface wake being
placed initially above the wing surface. A comparison of experimental
and estimated values of L for configuration WFAC| shows good correla-

tion in trends throughout the angle-of-attack range; however, overesti-
mates are noted from a =~ 4° to 20°.

Canard-Surface Performance Characteristics

Lift-drag ratios for the six configurations tested with canard
surface on and two configurations with the canard surfaces off are pre-
sented in figure 14. An approach has been used in obtaining untrimmed
values of L/D for the canard arrangements analogous to those applied
in determining trends in configuration efficiencies in that trends in
L/D were the objective of the analysis. This method was used in order
to establish relationships between trends in efficiency factors and
trends in L/D.
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A comparison of the trends in efficiency and in L/D for the con-
figurations tested indicates that the highest trends in untrimmed L/D
occur with the configurations having the small canard surface located
above the fuselage center line which is also the configuration having
the highest lift-efficlency trends. From the indications of figures 13
and 14, and since the total configuration 1ift is a function of canard-
surface efficiency, increases in efficiency may result in increased per-
formance. For this reason, some analysis has been made of canard-surface
efficiency at various Mach numbers for different canard-airplane arrange-
ments previously tested.

The continuous curve indicated in the top graph of figure 15 repre-
sents a configuration from reference 8 with a delta wing and a delta
canard surface and with a ratio of canard area to wing area of 0.12
(designated configuration 1). The effects of increasing Mach number as
indicated in this figure show appreciable losses in efficiency in going
from subsonic to low supersonic speeds. Increases in efficiency are
noted, however, above a Mach number of 1.1 to the test limit of 2.22.
The effects of configuration on the canard-surface 1lift efficiency at
Mach number of 2.0l are indicated in this same figure. An Increase in
efficiency from 0.26 to 0.46 is realized when configuration 1 is compared
with configuration 2 (from ref. 3) which represents a trapezoidal canard
surface on a delta-wing model. The outstanding differences between the
two configurations were that the second configuration had a trapezoldal
canard surface and had more wing area located outboard of the canard-
surface tip. Configuration 3, which had further increases in wing area
outboard of the canard tip, showed a further increase in efficlency to
0.65. This last configuration had a trapezoidal wing and trdapezoidal
canard surface (ref. 3). Because large increases in canard-surface 1lift
efficiencies were noted when the wing area located outboard of the
canard-surface tip was increased, the graph at the bottom of figure 15
was made to show the variation of ny, with the ratio of exposed wing

area outboard of the canard-surface tip S; to the exposed wing area

inboard of the canard-surface tip So. An increase in outboard- to
inboard-area ratios from approximately 1.1 to 2.8 shows increases in
efficiency of approximately 150 percent. An interesting point to note
is that the variation of 17 with the area ratio appears to be a linear

variation.
SUMMARY OF RESULTS

Results of an experimental investigation of the longitudinal sta-
bility and control characteristics of a model having canard surface and
wing trailing-edge flap controls may be summarized as follows:
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1. In all of the configurations investigated, stalling of the
canard surface and consequent loss of the effectiveness of the canard
surface as a control occurred at relatively low control deflections and
model angles of attack. ©Stalling of the control surface greatly limited
maximum trimmed 1ift coefficient attainable for reasonable values of
longitudinal stability.

2. Values of maximum trimmed 1ift coefficient could be increased
significantly by use of a wing tralling-edge flap control in combination
with the canard control. This increase was achieved, however, only with
negative deflections of the trailing-edge flap with the result that the
angle of attack corresponding to a given trimmed 1lift coefficient also
was increased.

3. The addition of the deflected auxiliary horizontal tail to the
basic canard-surface configuration provided an appreciable gain in maxi-
mum trimmed 11ft coefficient.

I, Pitching-moment results indicated a region of static longitudinal
instability above an angle of attack of approximately 20° with either of
the canard surfaces on the model. Addition of the auxiliary horizontal
tail greatly reduced this instability.

5. The highest values of canard lift efficiency occurred with the
small canard surface located above the fuselage center line. This con-
figuration also provided the highest untrimmed lift-drag ratio. This
location of the canard surface tended to minimize losses in wing lift
resulting from the canard wake.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., January 22, 1953.
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TABLE I

MOMENT BEFERENCE LOCATIONS FOR ALL CONFIGURATIONS

TESTED FOR  OCp [3Cy, = -0.10

=

. L % Moment reference location
Configuration c
from -¥
L

WFACy 0.42%,, ahead
WFAC, .59¢,, ahead
WFACs 128, ahead
WFEAC, 488y ahead
WFEAC, .70%y ahead
WFEAC3 488, ahead
WFCy 428, ahead

*

For all tests with canard surface off, longitudinal
data are presented about the same moment reference as the
corresponding canard-surface-on moment reference.



L-221

TABLE II

GEOMETRIC CHARACTERISTICS OF COMPONENT PARTS OF

Body:

Meximum diameter, in. . . . . .

Length of model with forebody extens1on, in.

Length of basic model, in. . . .

e e 2 s e

Length of basic model, afterbody removed in. .

Fineness ratio of oglve section . . .

Trapezoidal wing:

Span, in. . . . e e e e e e e s
Total area, sq ft e e e e e e e
Exposed area, sq ft . . . .

Leading-edge sweep angle, deg . . . .
Trailing-edge sweep angle deg . .

Aspect ratio . . . . e e e e
Taper ratio . . . . e e e e
Mean aerodynamic chord in

Airfoll section . . . « + . « « o . .

Small canard surface - center-line position:

Area, sg ft . . . .« s o o ..
Area, exposed, sq ft . . . . . . . .
Span (total), In. + « v « « o « « . .
Ratio of small-canard-surface area to
Mean serodynamic chord, in. . . . . .
Airfoll section . . . . . . . . . .

Small canard surface - high position:
Area, sqg ft . + . ¢« o o . 0000

Area, exposed, sq ft . . . . . . .
Span, in, o .00 e e e e e
Ratio of small-canard-surface area to
Mean aerodynamic chord, in. . . . . .
Airfoil section . . . « « ¢« o & <

Large canard surface:

Area, sq ft . . . . e e e e e
Area (exposed), sq ft e e e e
Span, in. . . . . « . . . N

Ratio of large-canard-surface area to
Mean aerodynamic chord, in. . .
Airfoil section . . « . .+ « ¢ o o - .

Vertical tail:

Area exposed, sq ft . . . . . . . . .
Span exposed, in. . . . . . . . .

Aspect ratio . . . e e e e e e
Leading-edge sweep angle deg . . . .

Horizontal-tail panel:
Area, one panel exposed, sq ft . .
Span, one panel exposed, in. . ..
Leading-edge sweep angle, deg . . . .

« e e »
« o s e .

wing area

wing area

CONFIGURATIONS TESTED

e s e s e s e s e

e 1 e e s & e .

e+ 4 e s+ s s o« s

-

.

9.03

.« « « « + . o Flat plate

.

1.1%
14.06
1.21
45,00

0.43
5.70
57.30

15
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Figure 15.- The effects of configuration and Mach number on canard-

surface lift-efficiency factors with canard surface and wing mounted
on fuselage center line.
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